Construction of polyketide overproducing Escherichia coli strains via synthetic antisense RNAs based on in silico fluxome analysis and comparative transcriptome analysis.
Rapid assessment and optimization of the incompatible metabolic modules remain a challenge. Here, we developed a systematic approach to characterize the module interactions and improve the problematic modules during the 6-deoxyerythronolide B (6dEB) biosynthesis in E. coli. Tremendous differences in the overall trends of flux changes of various metabolic modules were firstly uncovered based on in silico fluxome analysis and comparative transcriptome analysis. Potential targets for improving 6dEB biosynthesis were identified through analyzing these discrepancies. All 25 predicted targets at modules of PP pathway and nucleotide metabolism were firstly tested for improving the 6dEB production in E. coli via synthetic antisense RNAs. Down-regulation of 18 targets genes leads to more than 20% increase in 6dEB yield. Combinatorial repression of targets with greater than 60% increase in 6dEB titer, e.g., anti-guaB/anti-zwf led to a 296.2% increase in 6dEB production (210.4 mg/L in flask) compared to the control (53.1 mg/L). This is the highest yield yet reported for polyketide heterologous biosynthesis in E. coli. This study demonstrates a strategy to enhance the yield of heterologous products in the chassis cell and indicates the effectiveness of antisense RNA for use in metabolic engineering.